We have carried out a detailed study of the frequency and damping of the oscillations in levels of two 
I. INTRODUCTION Consider a reservoir containing He II which is coupled only by the superfluid film to a second reservoir also containing He Ii. As is well known, the application of a chemical-potential difference between the two reservoirs will result in mass transport via the film which will serve to reduce the applied chemical-potential difference. Various methods, for example, the imposition of a temperature difference or a level difference may be used to create a difference in chemical potential. At the end of the flow which acts to remove the relative potential difference, the level in each reservoir will oscillate about its new equilibrium value. The damping constant and frequency of these oecillations form the subject of the present study.
These oscillations were first studied in detail by Atkins. ' He derived an expression for the oscillation frequency valid under isothermal conditions and carried out an experimental study of the oscillation frequency as a function of temperature. Since that early work by Atkins, a number of investigators' " have studied these oscillations under a variety of experimental conditions. The damping observed during these oscillations was a puzzle to the early workers and the true mechanism is a matter of current discussion. "'"'"'" To date at least four possible damping mechanisms have emerged.
One motivation for the work we report here was a desire to understand which of the various damping mechanisms is appropriate. A second motivation was the work of Hammel, Keller, and Sherman, ' in which it was reported that during the course of these oscillations a dramatic shift in the frequency of (30-40)% took place in a time of roughly one period of oscillation. The frequency shift they reported was accompanied by a large rise in the decay constant. These results suggested that an unexpected and abrupt change in p, /p or in the film thickness was taking place during the oscillations. In Sec. II we shall describe the damping mechanisms which have been proposed. In Sec. III we describe the apparatus and the techniques used during our measurements. Section IV contains a discussion of our results and a comparison with the various theories of damping. Our conclusions are presented in Sec. V.
II. ISOTHERMAL FREQUENCY AND DAMPING MECHANISMS
In Fig. 1 we display a schematic representation of an apparatus which will support superfluid-film oscillations. We will use its essential features for the present discussion. We assume for the moment that we have isothermal conditions and no dissipation within the moving film. With these assumptions we can neglect the effects of the helium gas and also the fountain effect. The In an attempt to explain dissipation observed in the oscillation of the levels of two reservoirs connected by a superleak (through which bulk superfluid could pass) Robinson" considered that in any real system which has a finite thermal conductance between the reservoirs one must recognize that temperature oscillations and accompanying fountain pressure oscillations will be a natural consequence of the level oscillations.
Under the assumption +at superfluid-film oscillations are analogous to bulk oscillations through a superleak, we" have applied the general ideas of Robinson to' the specific film-flow configuration given schematically in Fig. 2 . When one allows temperature differences to develop between the reservoirs, one must include the effects of both gas-pressure differences Rnd the fountain effect. If we adopt the notation that the two reservoirs can be represented by subscripts as in Fig. 2 We now turn to a closer look at the Robinson theory and predictions which can be based on it.
In particular we focus attention on the thermal conductance K. For the experiments we have reported here, this quantity is adequately described by a power law which is consistent with Kapitza-limited heat flow through the copper walls of our reservoirs. A small contribution to the conductance, however, is due to viscous limited flow to helium gas which is distilled and condensed as a result of the small but finite-temperature fluctuations which accompany the level oscillations. Allen, Armitage, and Saunders' have observed film oscillations which they describe in terms of the Robinson theory for which the gas conductance mechanism was a dominant contribution. They also pointed out that their results were not in conflict with the Allen hypoth. ;sis since they could obtain 6/ks=9 K from their measurements. Our own results axe in conflict with the Allen hypothesis and quantitative agreement with our measurements is only available from the Robinson theory. In our view the previous consistency with the roton-scattering mechanism was simply the result of the particular experimental conditions (geometry, A, etc. ) and the fact that these experiments are conducted over a very narrow range of I/T. As 
where r is the radius and l the length of the channel. Here q is the viscosity" and p the density of the helium gas. "
The conductance due to this mechanism is thus an interplay between the number of atoms made available by the evaporation process and the ability of the flow tubes to transport these atoms. An example of this interplay for a specific experimental configuration is shown in Fig. 13 
